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Introduction
In economic forecast commodity prices serve as early indicators for future developments. The prices for oil or copper are used to determine how the supply and demand of the industry will develop. They are also of interest for monetary policy, as commodity prices are frequently used to forecast the exchange rates of various countries. Meese and Rogo (1983) were the rst to study the forecasting properties of commodities on exchange rates. However, they were unable to beat the random walk, which is why they concluded that commodities are not suitable for forecasting exchange rates. Subsequent studies found the opposite eect (Mark 1995, Chen and While many studies concentrate only on a relatively limited sample of countries, e.g. countries mostly exporting commodities, every country with a sucient database is considered here. This broader approach makes it possible to show that commodities are generally suitable for forecasting exchange rates for our period under consideration. In addition to the usual export price index of each country, also an import price index is calculated, which allows good forecasts to be made even for countries without strong commodity exports. It has the same sign as the export price index, which contradicts the theory but is in line with other empiric results. By dividing the sample into two periods we gain insight whether the prediction power changes over time.
The remainder of the paper proceeds as follows: Section 2 describes the economic channels how commodity prices inuence the exchange rate. Section 3 gives a liter-ature review over studies in this eld so far. Section four describes the data used in this study, while section ve presents our estimation and forecasting approach. The results are shown in section six while section seven nally concludes.
Economic Channels
According to economic theory, exchange rates and commodity prices are interrelated.
We identify four channels in which both variables are connected with each other.
Most studies investigate the eect of individual commodity prices, such as oil prices, on the exchange rate. The transfer of these results to other commodities should, however, be possible without major restrictions because all of them are traded in US-dollar nowadays (Habib et al. 2016 ).
The rst channel is the expectations channel (Chen et al. 2010 ). While transaction costs can cause arbitrage transactions not leading to a complete price compensation, investors should rationally try to anticipate future market developments and adapt their behaviour accordingly. This has an eect of commodity prices on the exchange rates. If an investor expects rising commodity prices, he will invest more in commodity producing countries which export commodities, as interest rates tend to rise in these countries. The induced capital inows lead to an appreciation of the exchange rate due to higher demand for domestic currency.
Secondly, the terms of trade channel describes the eect of a price increase of a traded good on the economy in general and the exchange in specic. The channel works as follows: A rise in world commodity prices increases the production costs of companies which rely on imports of these commodities. This price increase leads to higher ination rates as the producer pass it through into the consumer prices. In this case the general price level in a country which is dependent on commodities rises more strongly than in a more self-sucient country whose industry is not aected by this price increase. As a result, ination rates in countries are dierently and the real exchange rate changes (Beckmann et al. 2017 ). On the one hand, companies depending on commodities lose competitiveness. On the other hand companies independent of commodities become more competitive on the world market. Thus, in theory a price shock for commodities leads to a real devaluation of the exchange rate for net importers.
The third important channel is the portfolio and wealth channel developed by Krugman (1980) . The portfolio channel has a short-term eect. Starting point is again a rise in commodity prices. Thus, the import costs for commodity scarce countries will initially increase, which deteriorates their current account balance. At the same time, the investments from commodity exporting countries are increasing due to higher prots. This increases the capital account balances of industrialized countries. The degree of exchange rate variability thus depends on the investment behaviour of the commodity exportering countries (Lane and Shambaugh 2010). The dampening portfolio eect is usually not fully converted into the domestic currency, but are mostly invested abroad by state-controlled funds. E.g. most oil-exporting countries have high foreign currency reserves, which are invested worldwide (Habib et al. 2016 ).
In the medium term, there is a fourth channel -the wealth channel. Commodity exporting countries adapt their consumption to the increased income resulting from the commodity price increases, while investments into foreign assets are falling. The net eect is no longer dependent on the distribution of assets into domestic and foreign, but on which country produces the goods and services the commodity exporting countries demand. This leads to increased current account surpluses for those countries producing the demanded goods and services and revaluates the domestic currency if the foreign currencies are changed into domestic ones (Beckmann et al. 2017) . Although the eect appears intuitive at rst sight, it is more complex on closer inspection. For example, a distinction must be made between demand and supply shocks which push the commodity price upwards. While demand shocks increase producers' prots and incomes, supply shocks also involve higher costs for producers. For example, new extraction methods could require machinery which is more expensive. If this machinery has to be imported this would immediately lead to capital outows and dampen the eect on the current account (Habib et al. 2016 ). Therefore, the wealth eect could only be observed to a lesser extent (Basher et al. 2016 ).
Literature Review
In literature, it is a controversial whether commodities are suitable for forecasting exchange rates. Due to its importance, crude oil as an individual commodity is usually the main focus. The results of studies concerning this particular commodity vary widely, depending on the sample period and countries considered. Meese and Rogo (1983) provide one of the rst works which tries to predict the exchange rate with structural models. Using data from 1973 to 1981, they investigate the predictive properties of structural models on the US-dollar/Mark, US-dollar/Yen and US-dollar/Pound exchange rate. They come to the conclusion that their models are not able to beat the random walk in an out-of-sample comparison. At the same time, they establish a pseudo out-of-sample prediction method by which the predictive properties of a model can be evaluated. daily data have good forecasting properties. They conclude from this that price eects, such as an oil price shock, have only a short-term inuence on the exchange rate, which is why a high frequency of data is important. Similar results are also found in Bouoiyour et al. (2015) . Chen and Chen (2007) nd even some long-term predictability of crude oil prices on exchange rates. Akram (2004) suggests that commodity prices may have an asymmetric eect on the exchange rate. Therefore, he estimates a non-linear model. He uses dummy variables, which are dened by certain oil price levels. This allows him to model dierent eects at dierent price levels. For the period from 1986 to 1998 he is able to beat the random walk in the out-of-sample forecast in Norway. His results indicate that the inuence of the oil price on the exchange rate is higher when the price is low. However, this eect could also be due to the central bank response which may react dierently to devaluations and appreciations (Akram 2004 
Data
In this study basically two variables are needed. The one is the exchange rate and the other are some kind of commodity prices. We collected those data for the sample Exchange Arrangements and Exchange Restrictions is studied. In the case of hybrid forms, the country is retained in the dataset. E.g. a country with a crawling peg has still some room in the foreign exchange market and thus could still inuence the exchange rate in certain directions, e.g. in case of changing commodity prices. 2 The review underpins the validity of the data As our forecast is made on a country-by-country basis, the results of other countries are not inuenced by this choice of data. In the worst-case scenario, it turns out that a countries commodity price index is not suitable for forecasting. If the exchange rate policy is not applied in a fully consistent manner, an eect could nevertheless be observed. A change in exchange rate policy was also considered.
Countries which had only a temporary dollar commitment were included in the data for the entire period if possible.
The most detailed commodity price data, i.e. price data on a daily or even hourly basis, is best suited for this work. With those it would also be possible to observe short-term eects of price changes on exchange rates. However, a sample period using only these detailed data is too short. For this reason, this paper uses monthly price data for commodities. One central assumption is that the law of one price applies to commodity prices (Ardeni 1989 ). Commodities from one or another country are assumed to be perfect substitutes, which is why each country has at best a limited price setting power (Ardeni 1989 ). Therefore, every single country appears to be a price taker on the world market. However, whether this condition holds in the world markets is still an open research question. Arbitrage transactions are not always protable due to transaction costs, which is why deviations from the rule of one price can be empirically observed (Ardeni 1989 ). But Sarno et al. (2004) assume these deviations to be only temporary and do not allow for permanent price dierences. Some countries, however, are inuencing prices in certain markets, but on the whole commodities market these countries are also the price takers (Chen et al. 2010 ).
This allows one world market price for commodities to be assumed for all countries. The data used here are collected from the IMF. The IMF data are the arithmetic means of commodity prices over one month. The price for the largest exporter of this commodity is used as an approximation for the world market price. Prices are always in US-dollars. In total there are 63 dierent prices, which are available in the dataset. Unfortunately, the IMF data does not cover all commodity categories in the Comtrade data set. Therefore, where no IMF data is available, the gaps are lled with US data import prices of commodities from the Federal Reserve Economic Data Record. Since commodities are assumed to be perfect substitutes, this should not alter our results signicantly (Ardeni 1989) . A comparison of prices available in both databases shows a very high correlation, which also empirically supports this theoretical argument. 3 Some data were only available on a quarterly basis in the early 1990s (1992) (1993) (1994) (1995) . To obtain a homogeneous picture of monthly price data, smaller gaps, i. e. where a maximum of 2 data points are missing, were interpolated linearly.
Finally, we need country data on imports and exports for each commodity. The
United Nations (UN) collects these data in the United Nations Commodity Trade Statistics Database (Comtrade). The harmonized system (HS), developed by the World Customs Organization (WCO), can be used to separate the individual commodity groups. It is a standardised system which assigns identication numbers to certain commodities and organizes them on this basis and forms larger aggregates.
In principle, a HS code consists of 6 digits. This is determined by WCO for commodities. The rst two digits indicate the category of the commodity. The next two digits indicate a specic commodity in the previous category. The last two digits allow to distinguish between dierent processing states. All further numbers beyond these 6 are country-specic, which allow countries to rene their statistics individually. Since detailed price data are unfortunately not available, this work concentrates on the rst four digits of the HS codes. In addition, it is unlikely that a more precise classication would signicantly inuence the result, since prices for dierent processing methods dier, if at all in level, but should have the same trend. Since the database delivers country data only, while the target value exchange rate may represent a currency area, some data are aggregated for those by simply summing up the individual country data. This is possible without any problems, as absolute numbers are given in the database. With this method the following currency areas are created, and the corresponding individual countries are replaced: Table 1 about here
The construction of the commodity price index is based on the paper by Kohlscheen et al. (2017) . A specic price index is constructed for each country, which is used to forecast the exchange rate. Literature shows that commodities with a high trading weight have a stronger eect on the exchange rate (Bodart et al. 2012 ).
Due to the construction of this broad commodity price index, the relationship is not exclusively based on oil prices. So it is possible to look at countries which are not very dependent on oil imports or exports. In this paper this idea is expanded in three ways. First, the restriction to commodity-exporting countries is abandoned.
Second, the imports of the countries are also taken into account. Third, the period of observation is extended back to the 1990s. Each HS code is assigned to a commodity.
In total, we consider 64 dierent commodities. 29 of them are agricultural products, But at which period should we x the weights? We decided that this period is not a real observation. We therefore construct a mean that is calculated for each commodity over all periods, thus calculating the average import and export over As the Comtrade database provides information on both imports and exports of a country, it is possible to create a separate price index for both imports and exports.
So it is also possible to investigate the less studied eect of import price changes on the exchange rate. In addition to the two price indices used here, two net price indices are also calculated. For each country, the mean is calculated for exports and imports of each commodity. These are used to calculate the dierence between exports and imports, which can be used to determine whether a country has been a net importer or exporter of the commodity during the period under investigation. If a country is a net exporter (importer) of a commodity, this commodity appears in the country's export (import) price index. The results do not dier signicantly from the normal index, so that only the rst is considered in the further analysis. 4 Although a broad sample is aimed for, some countries have to be dropped out of the dataset. All countries which have xed their exchange rates to the US-dollar and this is clearly evident in the data have not been considered. As a result, 27 4 The results for the net commodity price indices are available from the authors upon request. and some others have only 73 data points per country. Hence, the risk of misspecication is larger for these countries than for other. Therefore, a variance ratio test is carried out for these borderline cases (Breitung 2002 ). This is a non-parametric test, so the assumptions are less restrictive. For small time series it provides better results than the ADF test, which is why it is well suited here. The null hypothesis is that the time series is integrated. It can be rejected in all countries with low number of observations, so it is assumed that all exchange rates are integrated. Therefore, the logarithmic rst dierences of the series are calculated. These exchange rate changes and the changes in both price indices are now stationary for all countries.
Estimation Equation
In this section we will present our estimation equations and the forecasting procedure for the exchange rate. Results of both will be shown in the next section. and the dierence is relatively small, so the RE estimator should be used as it is also ecient. Here, the null hypothesis of no correlation cannot be rejected again, so the RE estimator will be used. This holds even more as the Breusch Pagan test can be used to test whether panel regressions the variance of the random eects is zero. The null hypothesis is therefore that the pooling model is consistent. This can be rejected here, which is robust evidence that a RE estimator is to be used. So our RE estimator concerning commodity export prices takes thus following form:
In this context, ∆W K.average i,t describes the change in the exchange rate of country i in period t. ∆P EX i,t correspondingly represents the change in the commodity price index of country i in the period t. The random eects are described by ζ i . θ t contains the dierent years, as dummy variables. In order to save degrees of freedom, periods are chosen instead of years. We classify four groups in this respect:
First, before the turn of the millennium, second, until the nancial crisis in 2007
hit, third until the European debt crisis emerged in 2011 and fourth, the period thereafter. The very same procedure is implemented with respect to the commodity 5 The Breusch-Pagan-Test was carried out with the test statistics of Koenker (1981) import price index shown in equation (2):
Since both imports and exports should theoretically inuence a country's exchange rates the two variables ∆P IM i,t and ∆P EX i,t are simultaneously added to one equation as the third strategy in equation (3):
All three equations can now be estimated for dierent time periods and countries combinations. We will add further evidence by concerning two time periods 
Forecasting
In the next step, a structural forecasting model will be developed. Two dierent approaches are chosen: A recursive window (ReW) model and a rolling window (RoW) model. All models make forecasts for dierent time intervals. The forecasting power for the next month is checked. The rst forecast is made for January 1996, so that there is a sucient number of observations available. In this case the number of observations is T=36. 6 For the RoW model, the value is kept constant at T=36 for all other forecasts, whereas for the ReW model, the window starts with T=36 in January 1996 and then increases as more data become available, thus using always the full set of information up to the respective point in time (Figure 1 ). All in all, up to 251 monthly forecasts can be made per country, depending on the forecasting period and data availability.
Figure 1 about here
It should be noted that rational expectations are assumed in the pseudo out of sample procedure. A forecast for t+1 is estimated using a model which has been calibrated on all data up to period t. The actual values for ∆P EX i,t+1 and ∆P IM i,t+1 are then used with this model. Meese and Rogo (1983) use the very same approach. In practice, the values ∆P EX i,t+1 and ∆P IM i,t+1 would have to be predicted before the prediction for ∆W K.average i,t+1 can be made. By using the actual value from period t+1, it is assumed that the explanatory variable can be perfectly predicted. All the problems which now arise with this prediction can therefore be attributed to the lack of information in ∆P EX i,t or ∆P IM i,t .
It is not only possible to consider whether commodity prices have predictive power for exchange rates, but also which model, RoW or ReW, performs better. In addition, it can also be observed which of the equations (1) to (3) is best suited to forecast each country. Each forecast requires a comparative value on which the quality of the forecast can be checked. For this reason, the forecast error is generally represented by a loss function g(e t ). A loss function is a function which assumes the value 0 if there is no error. As the forecasting error increases, so does the loss function (Elliott and Timmermann 2004) . A special loss function and one of the standard measures in the forecast is the mean square error (MSE).
Since the work of Meese and Rogo (1983) , the random Walk in exchange rate forecasting has been the rst step in evaluating the forecasting ability of a model. It is assumed that the value today will continue to be the best forecast in the future. 
Results
The Panel regression lead to interesting results as shown in Table 2 . Table 2 ), where there is no signicant eect for ∆P EX i,t and a much smaller part of the variance can be explained by this specication. Column (3) uses the import price index as an independent variable. There the authors also nd no theoretically expectable behavior. They observe no dierence between commodity prices and exchange rates between importing and exporting countries. Table 2 about here Columns (5) and (6) in Table 2 vary the countries under consideration. All countries except countries which export commodities are considered here. The eect of ∆P EX i,t seems to be smaller in both specications. The adjusted R 2 is, however, considerably higher for countries with strong exports than for countries in (5) and (6) . Looking at the inuence of ∆P EX i,t and ∆P IM i,t , the former has more inuence on commodity exporters, whereas the latter have more inuence in other countries. This can be seen by comparing the coecients in column (4) and (6). MSE value than the random walk forecast is achieved. Only in 8 countries does our 8 The results for the ReW model are available from the authors upon request.
forecast lead to a higher MSE value than the random walk. In all other countries it is possible to achieve a better forecast. It is striking that in the period [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] it is possible to make considerably better forecasts than in the period 2004-2016.
Overall it is also evident that for the latter period commodity prices can be suitable for forecasting the exchange rate. Tables 3 and 4 about here   Tables 3 and 4 
Conclusion
In this paper we examined the information content of commodity prices when forecasting exchange rates. The panel data analysis clearly indicates that commodity prices are suitable for exchange rate forecasts. In fact, for a large number of countries, the random walk can be beaten with our forecasting approach. We thus conclude that commodity prices contain information which is useful for forecasting share of commodity exports but also to other countries. While in the literature results on predictability of commodity prices depend strongly on the selected countries and the sample period, we nd that predictions for almost all countries can be improved with a combination of import and export prices. However, for countries with relatively strong commodity exports, the export index seems to be more important.
The reverse applies to all other countries.
While our study gives a rst indication of the usefulness of commodity prices in exchange rate forecasts for a large set of countries, further research is needed in this area. One approach would be to investigate this phenomenon with high frequency data. The information content tends to increase further in the short term, which is why these results could become even more clear. Furthermore, a stronger disaggregation of price data could provide a more accurate picture of which raw materials are particularly suitable for forecasting individual exchange rates. It is conceivable, for example, that individual commodities should be given a higher importance than is attributed to them in our index. It can thus be concluded that both monthly export and import commodity prices for most of the countries considered in the period include information that is useful for forecasting exchange rate. They should therefore be regarded as a leading indicator whose integration in forecasting models could even contribute to improvements in forecasting at the monthly level. 
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